Analysing product concepts with respect to social sustainability is a contemporary challenge for which there is little support available for product developers. Our aim was to build on previous work to support product developers in a case company with this challenge. Previously a definition of social sustainability was developed from science on how the social system functions. We designed a first prototype of support for product developers to use this previously developed definition when analysing the extraction lifecycle activities associated with their product concepts. The prototype instructs users to model the location of the extraction activities and then use existing databases and indicators to analyse the social sustainability performance of each location. The databases and indicators were selected according to their relevance to scientific principles for social sustainability. We then performed initial evaluation of the support, through which we learnt that the approach may make it possible for product developers to analyse extraction activities, but the level of accuracy of analysis that is possible is not good enough for comparing the concepts in the case study decision. We discuss the implications of these challenges and suggest that it may be better to re-design our approach in order to provide learningful support for product developers or support for other decisionmaking in the company.
INTRODUCTION: THE NEED FOR SUPPORT
Sustainable product development is a young and rapidly developing field. However, much of the work has focused on reducing negative environmental impacts, while the social dimension has been less well-covered (Gmelin and Seuring 2014) . Socially sustainable product development is the processes and practices that lead to products whose lifecycles have a less negative impact on the social system. The weak coverage of socially sustainable product development mirrors the general sustainable development field, where the social dimension of sustainability has essentially been overlooked (Littig and Griessler 2005 , Partridge 2005 , Kunz 2006 , Cuthill 2010 , Dempsey et al. 2011 , Vallance et al. 2011 and has been found to be lacking a clear theoretical concept (Littig and Griessler 2005, Dempsey et al. 2011 ), a clear understanding of the meaning and interpretation of social sustainability (Weingaertner and Moberg 2014) and clear indicators that help distinguish socially sustainable development from socially un-sustainable development (Omann and Spangenberg 2002) . Attempting to address these gaps, in previous work, one of the authors derived the following principles that together form a definition of social sustainability from the science of social systems (Missimer et al. in 
this issue a & b).
In a socially sustainable society, people are not subject to structural obstacles to … 1. …health. 2. …influence. 3. …competence. 4. …impartiality. 5. …meaning-making. Structural obstacles refer to social constructions -political, economic and culturalwhich are firmly established in society and upheld by those with power. Due to various kinds of dependencies and other factors, such obstacles are difficult or impossible to overcome or avoid for those affected by them.
The newly derived definition of social sustainability (known as the social sustainability principles) is part of a Framework for Strategic Sustainable Development (Missimer et al. in this issue a & b) . This framework, including a definition of environmental sustainability and an earlier definition of social sustainability, has been used for over two decades and in a variety of contexts (Broman and Robèrt 2015) . The social sustainability principles have been used with preliminary results in strategic planning (for example, Missimer et al. 2014 ), but have not yet been rigorously developed and tested in the product development and concept selection decision realm. Others have worked with applying the previous definition of social sustainability from the framework for strategic sustainable development in the product development domain. Examples include Ny et al.'s (2006) approach for strategic lifecycle management, Byggeth et al.'s (2007) method for sustainable product development and Hallstedt's (this issue) sustainability criteria. This paper covers a case where product developers were interested in understanding how they themselves could analyse product concepts with respect to social sustainability. They ultimately wanted to use this analysis to inform their concept selection decision-making. Selecting concepts occurs in the early phases of product development (Krishnan and Ulrich 2001) , when design freedom is high (Ullman 2003) and when there is greater potential to reduce negative sustainability impacts (Bhamra et al. 1999) . A product concept is an idea of a technical solution and associated features, working principles, attributes and customer benefits (Ulrich and Eppinger 2012) . Selecting concepts involves making trade-offs between various attributes of the concepts (Ulrich and Eppinger 2012) , for example, trading between initial cost, long-term brand image, functional performance and usage cost. The product developers in the case company wanted to analyse two aerospace engine components in order to understand and compare the social sustainability attributes of these concepts.
The case company were already starting to use the framework for strategic sustainable development (for example, Hallstedt in this issue, Hallstedt and Isaksson 2013) and now they wanted to use it for this specific decision -concept selection 1 . Early in the development process is also when product developers may experience time-pressure. This time pressure is not a surprising result of the race for shortest time-to-market. The case company were therefore interested in time-efficient ways of using the social sustainability principles to analyse product concepts.
A much discussed collection of approaches for analysing products with respect to social sustainability, but that is not based on the principles, is Social lifecycle assessment (SLCA). Challenges with SLCA are well captured in the literature (for example, Jørgensen et al. 2008; Benoît et al. 2010; Dreyer et al. 2010; Wu et al. 2014) . A particular challenge for this case was that SLCA methodologies are used by SLCA researchers or experts and take a long time for even the experts to employ. Since the product developers in this case do not have either the time or the expertise to apply SLCA and therefore SLCA was not appropriate for this study. The SLCA is also not based on the newly developed social sustainability principles that we and the case company wanted to apply.
Since existing support does not test the use of the newly developed social sustainability principles and, in some cases, does not address the needs of the time-pressed product developers at the case company to analyse their concepts, a knowledge gap remains. The research question that guided our study was:
How might product developers at the case company use the social sustainability principles to analyse product concepts with respect to social sustainability?
To address this question, we developed a prototype of support and evaluated it in the case study context. Specifically, the product developers wanted to analyse two aerospace engine components, and they expressed a preference to do this numerically. In addition, we focused specifically on support for analysing the extraction phase of the lifecycles of these two components. Our goal was to develop an early version of time-efficient usable support that the case product developers could employ and test. We had anticipated that product developers could employ existing indicators and databases, but we found that was not the case. Our intent with this paper is to share the learning that we gained through pursuing this goal in order to address the above research question.
RESEARCH APPROACH
This work is part of a set of studies that aim to support people and organisations to act in a more socially sustainable way, with a subset focused on supporting socially sustainable product development practice. These studies are together framed by design research methodology. Blessing and Chakrabarti's (2009) design research methodology comprises studies for (1) clarifying the research focus, (2) understanding the need and context, (3) developing support, and (4) evaluating the support and suggesting improvements. In the study captured in this paper, we build on earlier work on the understanding of social sustainability (see Missimer et al. in this issue a & b) and of the case company context (see Bertoni et al. 2014; Hallstedt and Isaksson 2013; Thompson et al. 2011) . This study corresponds to the third and fourth studies of the methodology. In particular, we developed and evaluated a prototype of support for product developers to use the social sustainability principles to analyse product concepts.
In order to develop and evaluate support, we employed a prototyping approach. In line with a prototyping approach (Kelley 2001) , we iterated between designing and testing in order to learn quickly and early, and then to incorporate these learnings in the next design task. As we iterated, we reflected on what we were doing, how well it was working and whether it seemed like it would be relevant and usable by product developers in the given context.
For the testing, we used the prototype on an example case, which, according to Savin-Baden & Major (2013) and Yin (2009) enables more realistic evaluation As an example decision, the case company provided a past selection decision between two concepts that differ only in material (and consequential attributes, such as thickness and manufacturing processes). In this paper, these concepts are referred to as concept A and concept B.
Testing was performed through two main activities. Firstly, as part of prototyping, researchers played the role of product developers and used the prototypes of support to analyse the extraction phase lifecycle activities of the two concepts. In line with Blessing and Chakrabarti (2009) , this enables researchers to gain initial learnings about potential and issues without using actual product developers' time for testing it. Secondly, we shared our results and experiences with the case company representatives and gathered feedback. The feedback was gathered from two groups. The first group consisted of three company representatives who are members of the research project of which this study is part. The second group was six individuals from various backgrounds related to concept development and associated decisions within the company.
Although the research process involved many iterations and was therefore not linear, the results are described in a straightforward manner in the next sections. Section 3 describes the prototype -an approach comprising of multiple steps -while section 4 focuses on the application to the specific case. Section 5 then covers the evaluation results, while section 6 offers some discussion on the overall findings.
THE SUPPORT
As per the prescriptive study of design research methodology (Blessing and Chakrabarti 2009) , we combined state of the art literature from relevant disciplines to design the support. In subsection 3.1, we outline the prototype -an approach for analysing the extraction phase lifecycle activities -and then explain the design decisions in the following subsections.
OVERVIEW OF THE APPROACH
A main challenge in analysing early supply chain activities, including extracting and processing raw material, is that product developers generally know very little about how these activities are performed. For example, companies tend not to know where the particular molecules that they use were extracted, by whom and under what social conditions. We therefore sought ways to model the system in order to achieve approximates for the results.
In order to approximate the analysis of the activity 'extracting raw materials', we suggest that product developers first identify the raw materials that are extracted and then identify the likely locations where these materials were extracted. The product developers then have a model of locations of extraction, and so they can use a selection of social sustainability indicators to assess the countries in this model. This means that the support only leads to an estimate of the risk of being socially unsustainable because it is based on the probability that each mineral is extracted in each country and that the activities are being done with the level of social sustainability that matches the level reported for the country. However, given the current state of affairs, this might be the product developers´ best chance.
The prototype of support therefore comprises the following steps.
1. Identify minerals used in concepts. 2. Use the World Mineral Statistics dataset (Minerals UK 2014) or similar to identify the top producing countries that together produce 50% of the world's production of each mineral/ore, thus creating a model of likely extraction location. 3. Use the databases and indicators below to get a score for each country for each indicator.
• Health • Social hotspots database: • Impartiality • Sustainable society index: • Sum the product of the element scores with the percentage composition contribution for each element. This gives a score for each concept for each indicator.
• Weight the indicators relative to each other in order to give a total concept score for each principle.
• Sum the scores per principle (with equal weighting across the principles). This gives a score for the concept.
STEP 2: MODELLING EXTRACTION LOCATION
For the model, we used the World Mineral Statistics dataset (Minerals UK 2014) to identify the top producing countries for each mineral. We chose to use this dataset after searching for options and identifying this one as being comprehensive for the minerals we were interested in. Also, a number of other databases were based on this dataset. In particular, we identified the top producing countries that together produce 50% of the world's production of that mineral/ore. We looked in the data set for the producing countries, listed these countries in order of contribution to global production and then noted down those that contributed to the 'top' 50%. We then scaled these top producers to give % of contribution to the 50% produced by top producing countries.
Some other supply risk indicators, such as the British Geological Survey's Risk List (British Geological Survey 2012), use only the top producing country (from the same data set). Since there is wide variation in how much the top producer actually produces -for example, from Canada being top producer of titanium minerals with 18% of global production to Brazil being top producer of tantalum and niobium minerals with 95% -this would cause a huge variation in the numerical representation of risk. We therefore considered it more reasonable to create a model by choosing a percentage and truncating contributions where appropriate so that we could use numerical operators without skewing the data. We chose the specific percentage of 50% because it seemed a large enough proportion without giving too many countries to analyse for each element.
STEP 3: USING SOCIAL SUSTAINABILITY INDICATORS TO SCORE EACH COUNTRY
Step 3 for the product developers is to use existing databases and indicators to get a score for each country. This means that we needed to identify relevant and useful databases and indicators that could be used by a time-pressed non-specialist. These indicators needed to help users apply the new social sustainability principles when analysing countries.
In our initial search for indicators of social sustainability for a country (or element), we identified the following list. Some of these are connected, using data or indicators from each other.
• Social hotspots database (SHDB)
• Social progress index (Social progress imperative 2014)
• Sustainable society index • Human development index and Inequality-adjusted human development index (UNDP n.d.)
• Good country index • World Bank's worldwide governance indicators • British Geological Survey's risk list
We considered each of the above indicators for how they would help us analyse countries with respect to each social sustainability principle. The SHDB has several layers -a total score, categories, themes and indicators -and we mapped each theme against the sustainability principles in order to understand how well the database could help us with the required analyses. Under step 3 in section 3.1, it is possible to see how we mapped the themes from the SHDB against the social sustainability principles. We also used experience from other projects (see Missimer 2015; pg 169-204) and knowledge of social issues to try to identify the gap between what the database covers and covering the 'whole' of the principle. For example, for impartiality, the indicators do not cover all forms of discrimination, nor income inequality.
Since the SHDB's indicators provided good coverage of the principles, and was designed to offer the information necessary to conduct a generic SLCA (Norris, Norris and Aulisio 2014), we used these indicators as base. The SHDB indicates social sustainability results for a given industrial sector in a given country. For example, we used 'ferrous metals' and 'metals' as the industrial sectors for each of the countries in the model.
We then focused on the gap between what is needed to cover all the principles and what the SHDB covers, and sought other indicators to see if they could fill in the gaps. The social progress index (Social Progress Imperative 2014) had the second broadest coverage of our needs, and so we next looked at whether it could fill in some of the gaps. We selected those indicators that were relevant in order to fill in the gaps. Note that, as appropriate, we used either a whole component (for example, 'access to basic knowledge') or selected indicators within a component (for example, 'years of tertiary schooling').
After selecting indicators from the SHDB and the social progress index, we still had a gap under the principle of impartiality. We needed an indicator to help us understand inequality of income in a given country. We identified two candidate indicators -the sustainable society index's (2012) indicator for income distribution and the human development index's (UNDP n.d.) indicator for inequality in income. The human development index's indicator had missing data for one of the countries that we needed and so we chose to use the sustainable society index's indicator. Note that we could not find a suitable indicator for meaning-making.
Now we had a set of indicators that we could use to help us understand the potential social conditions in the identified countries. However, during our testing, we found that it was hard work to navigate the SHDB and extract the values for each country at this level of detail. Therefore, we opted to also explore easier options and developed two more options, based on the first, in Table 1 .
By using the total score from the SHDB, instead of individual themes, a user would cut down their work time significantly. However, using the total score means that the user cannot generate a score for each principle. In this option (option 2), the results are therefore displayed qualitatively and can only be summarised (in total) if they all point in the same direction. Another challenge with this option is that the theme 'high conflict zones' is automatically included, yet we had decided to exclude this theme when doing our mapping against the principles.
Although option 2 is designed to be easier to use than option 1, it has the disadvantage of the user not being able to generate a total score for the concept. We therefore also designed another option -option 3 -to be an easier version that provides a numerical sum. To do this, we simplified the mapping to use the SHDB against only impartiality and health. One disadvantage with this option is that we needed to drop the income distribution indicator. Another disadvantage is that the themes that were mapped to influence are now included under impartiality and health, due to the simplified mapping. So, although this option gives a numerical sum, it already has a number of inaccuracies in its design. In Table 1 , we visualise the three options. 
STEP 4: CALCULATING SCORE
In order to be able to summarise a score for each indicator and a total score (for options 1 and 3), a product developer needs a way to total the individual indicators for each country to give a score for each alloy. For each element, we propose summing the product of the indicators scores for each country with the percentage contribution of each country to 50% of the top producing countries. And then, the product of the element scores with the percentage composition contribution for each element can be summed to give a score for the (extracting materials lifecycle activity for the) concept for that particular indicator, as outlined in Equation 1.
The next step (for options 1 and 3) is to weight the indicators relative to each other in order to give a total concept score for each principle. Similarly, the principles need weighting relative to each other in order to sum across all principles. We propose weighting the principles equally since they are of equal importance for achieving a sustainable social system. We also decided to equally weight the indicators within each principle, and we did this at the indicator level rather than at the theme / component level.
Future versions of the prototype could include scaling for functional unit and percentage of material that is virgin or recycled.
CASE STUDY TESTING
As introduced in section 2, after designing the above 4-step approach, we tested applying it for the case study decision. Specifically, we performed the above four steps in order to analyse and compare the extraction activities associated with the two engine component concepts (concepts A and B).
IDENTIFYING MINERALS
We first identified the elements used in the two alloys being compared, including the percentage composition (using aksteel.com and suppliersonline.com). Similarly, we looked up in what form they are extracted. For example, aluminium is extracted as bauxite.
MODELLING EXTRACTION COUNTRIES
We executed step 2 to model the extraction location. Table 2 shows an example for bauxite. Australia, China and Brazil were the biggest producers of bauxite in 2012, contributing respectively 31%, 16% and 14% of global production (Minerals UK 2014) . Together these add up to more than 50% and therefore Brazil's contribution is truncated before scaling to give a %. Specifically, Australia and China's contributions add to give 47% and so only 3% of the 14% that is Brazil's contribution is needed to total 50%. 
USING INDICATORS TO SCORE COUNTRIES
In Table 3 , we share an example calculation. The concept is made of steel 17-4PH, of which the main component is iron. The top producing countries are China and Australia, which produce 88% and 12%, respectively, of the top 50%. These two countries scored 4,2 and 4,4, respectively, on the indicator for income distribution (Sustainable society index 2012). The score for the element iron is therefore (the product of the two dashed rectangles in Table 3 ):
This score for iron (4,2) is now multiplied by the percentage contribution of iron to the alloy (73,56%).
The sum of such multiplications (illustrated as the product of both dotted rectangles in Table 3 ) for all of the elements gives the score for the alloy (3,7). 
ANALYSING THE CONCEPTS
We tried each of the options shown in Table 1 . Each option gives similar analysis results for the concepts, which is not surprising since the options vary only a little. According to the analysis, the extraction activities for concept B have less social sustainability impacts than for concept A. However, concept A extraction activities performed better according to some of the indicators. These results can be seen in Table 4 , where the colour indicates which concept has extraction activities that are more socially sustainable than the other concept. Blue and yellow shading show where concept B (blue) and concept A (yellow) have the highest score for a given indicator/principle for the material extraction activities. Grey shading shows where it is not possible to conclude which concept is better. 
Concept using steel 17-4PH
Iron, Fe 73,56% 12% 0% 0% 88% 0% 0% 0% 0% 0% 0% 0% 4,2
3,7
Carbon, C 0,07% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% -Manganese 1,00% 1% 0% 0% 62% 0% 0% 0% 0% 0% 37% 0% 3,0 Phosphorus 0,04% 0% 0% 0% 89% 0% 0% 0% 0% 0% 0% 11% 4,1 Sulphur 0,03% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% -Silicon 1,00% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% -Chromium 16,00% 0% 0% 0% 0% 0% 12% 0% 0% 0% 88% 0% 1,9
Nickel 4,00% 11% 0% 0% 0% 27% 0% 0% 34% 28% 0% 0% 4,7
Copper, Cu 4,00% 0% 0% 65% 16% 0% 0% 20% 0% 0% 0% 0% 1,5
Columbium & Tantalum 0,30% 0% 100 % 0% 0% 0% 0% 0% 0% 0% 0% 0% 1,0 % of global production produced by given country 
meaning-making no indicators identified

TOTAL
EVALUATION RESULTS
As we iterated the design of the prototype, evaluation of earlier prototypes was incorporated into design of the next version. In this section, we share the overall evaluation results.
Performing the analyses for options 2 and 3 was significantly easier than for option 1 since the second and third options required considerably less digging through the social hotspot database. Our experience was that the SHDB was challenging to use due to its default settings like reset time, number of countries and sectors that can be compared along with other technical details.
While using the indicators and performing the analyses, we started to recognise the inaccuracy or incomplete nature of many of them. Not only were we modelling the location, but also many indicators had data missing for one or two of the countries or presented data in a way that was difficult to accurately read.
In summary, although we identified three options for compiling the results from the indicators in order to compare concepts for the materials extraction phase, none of these options were ideal. All the indicators use incomplete and inaccurate data. Furthermore, we are only using the indicators to help us analyse the likely (not the actual) places of extraction.
When we shared our prototype with the first group (representatives of the case company), their project leader also brought up the concerns about gaining meaningful results from applying these approximations. When we shared our conclusions with the second group, they agreed with us. They also stated that it may be interesting to investigate how this approach might support procurement and supply chain management decision-making.
DISCUSSION
Our aim was to develop support for product developers in the case study company to use the newly developed social sustainability principles to analyse the extraction activities associated with two concept options. This seems an apt question to explore as organizations and product developers continue to ask for this kind of support. As a result of our iterative prototyping, we derived the approach outlined in section 3. Through case study testing, we gained learnings from feedback and our experience. The learnings are:
• The approach enables analysis, but is not accurate enough analysis for selecting concepts.
This gives rise to the following questions:
1. Could the approach be useful for other decision-making? 2. Could this sort of support be useful if it can be turned into an instrument of learning?
The following subsections cover each of these points.
APPROACH ENABLES ANALYSIS, BUT NOT ACCURATE ENOUGH ANALYSIS FOR SELECTING
CONCEPTS One aim was to make the support usable 2 to the product developer on the ground. Our experience with the test case indicates that the developed support is indeed usable, at least enough to be considered for usability tests with product developers.
The bigger question is: Is the approach useful 3 for analysing product concepts as regards social sustainability. The straightforward answer is that it can be useful to identify potential contributions and social sustainability challenges in the probable countries involved, and therefore could be useful in the sense of raising awareness of these potential challenges. However, it is not particularly useful for comparing the extraction lifecycle phase for two specific product concepts that do not differ significantly in design.
The main challenge remains in that companies very often do not know where their material (those specific molecules) come from. For example, after being mined, the case company's raw materials are sent to be processed, potentially mixed with material from other sources, combined into an alloy, and sold on the open market before being used to create components. These multiple steps performed in multiple locations by multiple actors make traceability difficult, and the case company did not know where their molecules were extracted. Improved traceability could therefore be a potential enabler of better social sustainability analysis.
Given this situation we focused on ways to analyse the probability of contributing to un-sustainability. Of course, by its nature a model of reality is an approximation. Our support includes the following approximations:
• We created a probability model for the raw materials extraction countries. We used the countries that together form the top 50% of production for a material and weighted them. However, of course, in each instance of a material, the approximation provided by this model of extraction location might not be true.
• Since the location model gives the location in terms of country, we had to use social impact data (indicators) at the country level (or sector level within the country, when available) to give an approximation of the actual social impact. Of course, this representation is a gross generalization and possibly not every raw extraction company has these, often negative, social impacts. For example, an extraction company may not engage in child labour practices, despite being located in a country or sector where the risk of child labour is high. So, although creating a model does enable analysis, the granularity of the model does not allow us to know the actual child labour practices.
• The SHDB indicators are themselves approximations, which are created by aggregating data from multiple sources in the aim of assigning one number to set of inter-related and complex issues.
The approximations in our approach -modelling and use of indicators -enables analysis, but likely results in large cumulative errors due to performing multiple numerical operations on data that is quite a rough approximation. When we shared our prototype with representatives of the case company, their project leader also brought up the concerns about gaining meaningful results from applying these approximations.
Our conclusion is that this approach enables analysis of extraction activities (is usable), but the analysis is not accurate enough to be useful for informing the current decision (between two closely related concepts). This gives rise to following two follow-up questions: (1.) Could this approach be considered elsewhere in the organisation's decision-making? (2.) Could this sort of support be useful for product developers if it can be turned into an instrument of learning rather than a tool that delivers answers?
COULD THIS APPROACH BE USEFUL FOR OTHER DECISION-MAKING?
In relation to (1.), a great challenge to manufacturing companies is that social impacts tend not to be related to the nature of a specific product or production process, but are rather dependent of the conduct of the company carrying out the process (Dreyer et al. 2006 , Jørgensen 2013 . Supply chains can be quite complex and often global, resulting in organizations struggling with the challenge of data availability. The unavailability or inaccuracy of data may mean that the only way to address social sustainability in the supply chain is to be proactive and try to influence it, rather than trying to measure and compare social impacts.
Proactively addressing social sustainability in the supply chain (and whole value chain) is, however, not just about selecting concepts. This is something that needs to be decided at a governance level of the organization and would be executed through cross-functional collaboration (Petala et al. 2010 ). In the future, researchers may wish to therefore focus on developing support for cross-functional teams to proactively address sustainability.
COULD THIS SORT OF SUPPORT BE USEFUL IF IT CAN BE TURNED INTO AN INSTRUMENT OF
LEARNING? Our conclusion does not mean that nothing should be done to help product developers selecting concepts. We do not want people to draw the conclusion that working with social sustainability principles is too difficult and translate that to 'we will do nothing' or 'cannot do anything about it´. We believe it is a good idea to create support for all activities. Questions about sustainability need to be asked in all parts of the organization and an impetus for change can originate from anywhere (Grayson et al. 2011) . Therefore, we believe that it is important to still consider how to support product developers and address the second question -Could this sort of support be useful if it can be turned into an instrument of learning? The challenging nature of change is a barrier to eco-design implementation (Le Pochat et al. 2007 ) and therefore learningful support may be a critical enabler of eco-design and socially sustainable product development implementation.
So, while the prototype has its limitations, future work might involve investigating if it could be redesigned to help product developers to learn about social sustainability issues and gain insights into what can be done. Literature shows that (numerical) modelling enables an opportunity for insights into consequences (Keeney 1992) and that when making decisions in a complex (sustainability) context with multiple stakeholders, modelling can be helpful to provide insights, but not answers (Gregory et al. 2012) . It seems that there is potential for using the support to be learningful in itself. Depending on when the product developers use the support, the learning during the decision-making may not have a great impact on the current particular product development project. But at least the people and the organisation can take the learning with them for future product development projects, contributing not only to individual, but also organizational learning. In fact, taking a product lifecycle perspective could help companies to visualise potential problems in their value chain that would not be seen when taking a supply chain management approach that addresses only first and possibly second tier suppliers. Any learning, however, requires that the decision-makers themselves use the support and not contract out the analysis.
If considering repurposing the support to be learningful, it is important to reconsider within the frame of wider decision support, not just the support for the analysis. Analysis is only one element that contributes to decision-making and product developers also need support in terms of a decisionmaking process. This is particularly important since the 'quality of process to exploit analysis and reach decision' can contribute 6 times greater to decision-making performance than the 'quantity and detail of analysis performed' (Lovallo and Sibony 2010) . Thus, the design for learningful support should consider supporting the 'whole' decision-making process, and not just the analysis.
REFLECTIONS ON OUR RESEARCH APPROACH
Based on the expressed need from the case company, we assume that product developers want a (numerical) analysis that can be included in their trade-off decisions. However, not all product developers may want such an approach to analysis. When designing for user experience or customercentred experience, product developers are familiar with including intangibles in their concept development decision-making (for example, Hassenzahl and Tractinsky 2006) and so therefore may not want a numerical proxy. And numerical aggregation is not always recommended for decisionmaking in complexity (Gregory et al. 2012 ). Yet, as the request from the case company shows, numeric analysis is sometimes desired and an opportunity to try to find a way to support product developers who take a numerical analysis-centric approach to incorporating sustainability into their decisionmaking exists.
Our research approach was to prototype, the aim of which is to learn quickly and early (Kelley 2001) . We therefore took a pragmatic attitude to find something that was good enough in order to try it out with the ultimate aim of learning by quickly completing at least one design-test cycle. This worked in our context and paid off especially given the result, but the prototypical nature of the approach that we share in this paper should be considered by anyone wishing to use or build on it.
We have performed the early steps of evaluation by testing our ideas with ourselves (the researchers) taking on the role of product developers involved in the decision-making rather than involving actual product developers and by getting feedback from case company representatives. This seemed appropriate given the level of realisation of the support (Blessing and Chakrabarti 2009) and the desire for learning quickly and early. From our experience of taking on this role, we concluded that the prototype approach was usable. Once the learnings from this evaluation have been incorporated and the support redesigned, it could also be tried out with 'real' product developers as the users.
CONCLUSION AND FUTURE RESEARCH
We designed a first prototype of support for using social sustainability principles to analyse the extraction lifecycle activities associated with two product concepts. This support instructs users to take a modelling approach, using existing databases and indicators selected due to their relevance to scientific principles for social sustainability. We then performed initial evaluation of the support, through which we learnt that the approach may make it possible for product developers to analyse extraction activities, but the level of accuracy of analysis that is possible is not good enough for comparing the concepts in the case study decision. Studies are now needed to investigate (1.) how this approach could be made useful for supporting other decision-making, including providing cross-functional support; and (2.) how the approach can be developed or re-designed to be learningful for the product developers by raising awareness of potential contributions to unsustainability.
Implications for the case company, and wider industry, are to recognise (a) the imperfections with analysing early lifecycle activities with respect to social sustainability and (b) that mitigating the risk of an unsustainable supply chain is unlikely to occur through selecting concepts based on their 'social sustainability score', but rather requires actively seeking to improve social conditions in the supply chain.
Implications for the research community are to conduct future research on how to design support for product developers to integrate social sustainability considerations in concept selection decisionmaking such that the support is learningful for the users. This future research may include investigating how to design learningful support that includes encouraging (i) the whole process of decision-making, not just the analysis, (ii) bigger-picture thinking about how to proactively address issues, and (iii) an integrated approach to sustainable supply chain management and product development.
